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depletion of at least two of these factors resulted in decreased otic
expression of Pax8 and Sox9. Furthermore, the co-expression of Fgf
and Wnt is necessary to activate Pax8 in isolated AC. These results
indicate that the combined activity of hindbrain-derived Fgf and Wnt
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Neural crest (NC) induction depends on two signaling pathways, a
Bmp signal which must be partially attenuated by Bmp antagonists,
and a separate signal mediated either by a canonical Wnt or Fgf. In
Xenopus the mesoderm underlying the NC-forming region has been
proposed as a source of this secondary signal. Wnt8 and Fgf8a are
expressed in the mesoderm around the time of NC speciﬁcation, and
interference with either pathway results in a similar loss of NC cells
suggesting that these factors are both required to specify the NC.
However, it is unclear whether this dual requirement reﬂects the fact
that these signaling molecules are operating in the same or in parallel
pathways. Here we describe experiments that test these possibilities.
While Wnt8 expression can restore NC progenitors in Fgf8a-deﬁcient
embryos, Fgf8a is unable to generate NC cells in Wnt8-depleted
embryos. In animal caps Wnt8 or Fgf8a in combination with the Bmp
antagonist chordin activate a broad range of NC-speciﬁc genes
without inducing mesoderm. We found that the NC-inducing activity
of both Wnt8 and Fgf8a was speciﬁcally inhibited by Wnt8-MO or β-
catenin-MO antisense oligos. Moreover, Fgf8a knockdown results in a
dramatic loss of Wnt8 expression in the mesoderm. Consistent with
this observation Fgf8a is a potent inducer of Wnt8 in both whole
embryos and animal caps. We propose that Fgf8a has no NC-inducing
activity of its own, rather Fgf8a activates Wnt8 in the mesoderm
which in turn promotes NC formation in the overlying ectoderm
primed by Bmp antagonists.
doi:10.1016/j.ydbio.2008.05.241
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Developmental potential of migrating neural crest cells
Vivian M. Lee
Department of Pediatrics, Medical College of Wisconsin, Milwaukee,
WI, USA
Neural crest is a multipotent stem cell population that contributes
to a plethora of cell types in the vertebrate body. Shortly after their
induction, neural crest cells transiently reside in the dorsal neural
tube, undergo an epithelial–mesenchymal transition, and then
migrate extensively throughout the embryo. In order to understand
the mechanisms that can regulate migration and differentiation of
neural crest cells, we compared the gene expression proﬁles of
migrating neural crest cells during different stages of development.
We puriﬁed neural crest cells from St.16 chick embryos (embryonic
day 2) when they are actively migrating and from St.19 (embryonic
day 3) when they are beginning to condense, and interrogated their
transcripts by macroarray and microarray. We found that there are
signiﬁcant differences in gene expression as neural crest cells migrate
towards their destinations, which might reﬂect their transition from
migration to differentiation. We next asked if plasticity of neural crest
cells might also change as migration proceeds. We challenged the
developmental potential of puriﬁed migrating and condensing neural
crest cells by heterochronically transplanting them into younger
embryos. Our preliminary results showed that both migrating and
condensing neural crest cells homed to normal neural crest targets
such as cranial ganglia in the head. Grafted neural crest cells could
incorporate into cranial ganglia along with host neural crest cells and
differentiate into neurons. We are currently analyzing if both
population of donor cells (migrating vs. condensing neural crest)
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Neural crest is a unique vertebrate cell type that migrates
extensively throughout the embryo and forms a plethora of
derivatives including most of the peripheral nervous system,
craniofacial skeleton, and melanocytes. To identify new genes
associated with neural crest cell migration and differentiation, we
isolated migrating neural crest cells from different stages and
compared their expression proﬁle using microarray. We compared
stages 10 (8–11 somites) and 13 (19–21 somites) cranial neural crest
(CNC) and stages 16 and 19 trunk neural crest (TNC) to examine
genes that were expressed in cells that had exited the neural tube
shortly vs. those that had migrated further. We saw large, global
changes in transcript proﬁles in different population of migrating
neural crest cells — 803 genes were upregulated and 2950 were
downregulated in stage 13 compared with stage 10 CNC, and 432
genes were upregulated and 255 were downregulated in stage 19
compared to stage 16 TNC. In particular, genes in several functional
groups showed striking differences in expression as migration
progressed, these included molecules associated with cell movement,
cell growth and proliferation, cell death, and gene expression. We
also compared stage 10 CNC and stage 16 TNC cells to identify
differentially expressed genes; 377 transcripts were upregulated and
943 were downregulated in stage 10 CNC compared to stage 16 TNC.
Signiﬁcantly, 25 genes in the Homeobox family were expressed at
much higher levels in TNC vs. CNC (40–100 fold increase). We have
validated our microarray results by qPCR and we will conﬁrm some
of the gene expression by in situ hybridization.
doi:10.1016/j.ydbio.2008.05.243
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The neural crest cells (NCC) arising from trunk neural tube (NT)
give rise to melanocytes, glia and neurons both in primary and
secondary (II) neurulation levels. However, NCC emerging from the
caudal-most (c) region of II neurulation never differentiate into
neurons either in vivo or in vitro (Catala et al., 2000), leading to an
absence of sensory ganglia and nerves. Spinal motoneurons are also
absent at this level (Afonso and Catala, 2005). To elucidate the cause
(s) for cNCC defect, we performed an analysis of the different steps
involved in cNCC generation. We found that most of the markers of
NC induction are present in the dorsal cNT soon after its full
cavitation at E4, at the exception of Msx1 that is never detected. In
spite of this, very few NCC are observed dorsally to the cNT even at
E5. This is likely related to an initial defective acquisition of
mesenchymal phenotype by prospective cNCC, associated with
perturbed BMP (Noggin maintenance) and WNT (Wnt1 absence)
signaling. Concomitantly, a dramatic pattern of apoptosis occurs in
the dorsal moiety of the cNT. Rostral transplantations of either cNT
or c somites showed that the lack of neuronal potentials is an
intrinsic property of cNCC and that somites play a minor role. Ectopic
Noggin expression in the dorsal trunk NT mimics the main features
of the cNCC (scarcity and absence of neuronal derivatives). We are
currently evaluating the roles of Bmp4, Msx1 and Wnt1 in neuronal
speciﬁcation. Our results reveal that the cNT constitutes a valuable




FGF, Notch, and Wnt signaling regulate ophthalmic trigeminal
placode cell fate determination and differentiation
Rhonda N. Lassiter, Stephanie B. Reynolds, Michael R. Stark
Department of Physiology and Developmental Biology, Brigham Young
University, Provo, UT, USA
In vertebrates, the sensory nervous system arises from two
different cell populations: neural crest and placode cells. Cranial
placodes are ectodermal regions that contribute extensively to the
vertebrate peripheral sensory nervous system. The development of
the ophthalmic trigeminal (opV) placode, which gives rise exclu-
sively to sensory neurons of the ophthalmic lobe of the trigeminal
ganglion, provides an advantageous model for understanding the
stepwise process of neurogenesis. Throughout development, includ-
ing neurogenesis, multiple signaling pathways work in concert to
specify cell fates and promote differentiation. We have identiﬁed
three signaling families: canonical Wnt, FGF, and Notch as candidate
pathways that regulate opV trigeminal placode development. We
demonstrate that inhibition of canonical Wnt signaling results in
cell-autonomous downregulation of Pax-3 protein, the earliest opV
molecular marker, in the trigeminal placode of chick embryos. We
also show that inhibition of each of the Wnt, FGF, and Notch-Delta
pathways, results in targeted cells remaining in the ectoderm,
failing to contribute to the opV ganglion and/or differentiate.
doi:10.1016/j.ydbio.2008.05.245
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PDGF signaling is critical for trigeminal placode formation
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Essential elements of the peripheral nervous system of the head
are derived from ectodermal thickenings, called placodes, that
delaminate or invaginate to form cranial ganglia and sense organs.
Arising lateral to the midbrain, the trigeminal ganglion forms via
interactions between the neural tube and adjacent ectoderm. This
induction triggers expression of Pax3, ingression of placode cells
and their differentiation into neurons. However, the molecular
nature of the underlying signals remains unknown. Here, we
explore the role of PDGF signaling in ophthalmic trigeminal placode
induction. By in situ hybridization, PDGF receptor β is expressed in
the cranial ectoderm at the time of trigeminal placode formation,
with the ligand PDGFD expressed in the midbrain neural folds.
Blocking PDGF signaling in vitro results in a dose-dependent
abrogation of Pax3 expression in recombinants of quail ectoderm
with chick neural tube that recapitulate placode induction. Similarly,
in ovo microinjection of PDGF inhibitor causes a loss of Pax3 as well
as the later placodal marker, CD151, and failure of neuronal
differentiation. This ﬁnding was conﬁrmed by over-expression of a
dominant negative PDGFRβ in the presumptive placodal ectoderm.
Conversely, microinjection of exogenous PDGFD increases the
number of Pax3+ cells in the trigeminal placode and neurons in
the condensing ganglia. Our results provide the ﬁrst evidence for a
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The sensory ganglia of the peripheral nervous system, which
include the dorsal root and cranial ganglia, are entirely or partially
derived from neural crest cells. In a screen designed to identify genes
that were potentially involved in gangliogenesis, sphingosine-1-
phosphate lyase 1 (S1P lyase 1) was isolated as one of the
candidates. Sphingosine-1-phosphate (S1P) is a bioactive lipid that
plays important roles in cell growth, differentiation, and migration;
it can act as a ligand by interacting with 5 G protein coupled
receptors (S1P receptors 1–5) or as a second messenger to regulate
various cellular processes. To determine which S1P signaling
components were present in neural crest, we examined the
expression pattern of S1P receptors as well as the enzymes that
are responsible for its synthesis (sphingosine kinase 1) and
degradation (S1P lyase 1). Our results showed that sphingosine
kinase 1 expression gradually increased as neural crest cells
coalesced and formed dorsal root ganglia (DRG) from embryonic
days (E) 3–4.5, and then began to decrease after E5.5 in the chick
embryos. On the other hand, S1P lyase 1 was expressed in neural
crest cells around E3 and its expression increased continually in
neural crest cells and DRG. Furthermore, we showed that S1P
receptors 1 and 3 were not expressed in neural crest cells and their
derivatives. Taken together, our data indicated that S1P signaling is
involved in DRG development and that S1P may not act through S1P
receptors 1 and 3 in this process. We are currently testing the
function of S1P by manipulating gene expression of sphingosine
kinase 1 and S1P lyase 1 as well as analyzing the sphingosine kinase
1 and 2 mutant mice.
doi:10.1016/j.ydbio.2008.05.247
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